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I OBJECT1 VE 

The o b j e c t i v e  of t h i s  p r o j e c t  w a s  t o  explore  s e v e r a l  t e c h n i c a l  
problems a s soc ia t ed  wi th  t h e  development of commercial communications 
s a t e l l i t e  systems. These problems were: 

(1)  What s a t e l l i t e  channel capac i ty  w i l l  be r equ i r ed  
during t h e  next s e v e r a l  years based on p resen t  
d i s t r i b u t i o n s  of t r a f f i c  and expected growth rates? 

(2) What modulation method is  most s u i t a b l e  cons ide r ing  
t h e  o p e r a t i o n a l  requirements t o  be m e t  by t h e  s y s t e m ,  
or sys t ems ,  and cons ider ing  t h e  p o s s i b l e  e v o l u t i o n  
of s a t e l l i t e  systems from one s e t  of  o r b i t  parameters 
t o  another?  

(3 )  What e f f e c t  w i l l  a l a r g e  number of  pass ive  re- 
f l e c t o r s - - e i t h e r  Echo-type ba l loons ,  or dipoles--  
have on o p t i c a l  astronomers? 

(4) How e f f e c t i v e  w i l l  newly developed echo suppressors  
be i n  e l i m i n a t i n g  t h e  undesirable  echo present  i n  
te lephone channels  suppl ied  by a s t a t i o n a r y  s a t e l l i t e  
from both an o b j e c t i v e  and s u b j e c t i v e  viewpoint? 

I1 WORK PERFORMED DURING THE REPORT PERIOD 

This  L e t t e r  Report covers  Amendments 2 and 3 t o  NASA Contract  
NASr-49(08) which inc reased  con t r ac t  funds by approximately $2,000 
and extended t h e  t e rmina t ion  d a t e  t o  30 Apr i l  1964. 

The s d d i t i o n a l  funds and time were u t i l i z e d  f o r :  c o n s u l t a t i o n  f o r  
NASA i n  New York and Washington, D.C. by t h e  p r o j e c t  l e a d e r  a d  pi-iii- 
c i p a l  i n v e s t i g a t o r  under t h i s  con t r ac t ,  Richard G. Gould; t r a v e l  ex- 
pense a s soc ia t ed  w i t h  t h i s  c o n s u l t a t i o n ;  and c l e r i ca l  suppor t  dur ing  
t h e  per iod .  

Meetings w e r e  he ld  e i t h e r  a t  t h e  o f f i c e s  o f  t h e  Long Lines Div is ion ,  
AT&T, i n  New York or of t h e  FCC i n  Washington. The s u b j e c t  of  t h e s e  
meetings was, i n  a l l  cases, t h e  series of coopera t ive  tests on t i m e  
de l ay  and echo suppres s ion  then  being conducted by t h e  AT&T wi th  t h e  
guidance and approval  o f  NASA, t h e  FCC and o t h e r  i n t e r e s t e d  o rgan iza t ions .  

The c o n s u l t a t i o n  f o r  NASA had as  i t s  a i m  t h e  r e v i e w  of  tes t  p lans ,  
t h e  oversee ing  of t h e  conduct of t h e  tests,  and t h e  review of  t h e  re- 
s u l t s .  I n  t h i s  regard ,  i t  can be s a i d  t h a t  u s e f u l  in format ion  on t h e  
s u b j e c t i v e  e f f e c t s  of  t i m e  delay and echo suppressor  a c t i o n  was de r ived  
from t h e s e  tes ts .  S p e c i f i c a l l y ,  t h e  f e a r  was d i s p e l l e d  t h a t  a l a r g e  
p ropor t ion  of customers would r e j e c t  c i r c u i t s  w i th  de lays  of 600 msec 
and f i t t e d  w i t h  even t h e  bes t  suppressors  t h a t  have been developed t o  
date--a  f e a r  based on one previous set  of l abora to ry  tests under t h e s e  
same c i r c u i t  cond i t ions .  
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A gene ra l ly  accepted conclusion drawn from t h e s e  l a t e s t  AT&T tests 
i s  t h a t  c i r c u i t s  w i th  t h e s e  delays have a high enough p r o b a b i l i t y  of 
being acceptab le  i n  commercial service t o  warrant  provid ing  them t o  t h e  
genera l  pub l i c .  To t h i s  end, a committee w a s  formed of  r e p r e s e n t a t i v e s  
o f  t h e  o rgan iza t ions  p a r t i c i p a t i n g  i n  t h e s e  tests.  This  committee m e t  
t o  d r a f t  a Recommendation of t h e  CCITT on t h e  q u e s t i o n  of t i m e  de lay  
and echo suppress ion .  This  Recommendation was concurred i n ,  w i th  only  
minor changes, by o t h e r  i n t e r e s t e d  o rgan iza t ions ,  and i t  was submit ted 
t o  Study Groups XI1 and XVI  of t h e  CCITT, where i t  m e t  unanimous approval 
e s s e n t i a l l y  as submit ted.  This  approval w a s  r a t i f i e d  subsequent ly  by 
t h e  I I I r d  Plenary Assembly of t h e  CCITT and t h e  Recommendation w i l l  
appear i n  t h e  record  of t h e  Plenary.  I t  i s  inc luded  w i t h  t h i s  Let ter  
Report as Attachment I .  

The c i r c u i t s  t o  be o f f e r e d  s h o r t l y  by t h e  Communications S a t e l l i t e  
Corpora t ion  v i a  a s t a t i o n a r y  sa te l l i t e  w i l l  o f f e r  t h e  bes t  p o s s i b l e  
proving ground f o r  customer acceptance of c i r c u i t s  w i t h  t i m e  de lay .  

Experience w i t h  t h e s e  c i r c u i t s  over  t h e  next few years w i l l  a i d  i n  
a cho ice  of u l t i m a t e  communication s a t e l l i t e  s y s t e m  des igns .  Before 
t h e s e  c i r c u i t s  are a c t u a l l y  i n  se rv i ce ,  and even a f t e r  they  a r e  i n  
s e r v i c e ,  a d d i t i o n a l  l abora to ry  t e s t s  should be conducted by i n t e r e s t e d  
o rgan iza t ions  t o  add t o  t h e  knowledge t h a t  can be de r ived  from opera- 
t i o n a l  experience and t o  o b t a i n  answers t o  ques t ions  t h a t  cannot be 
r e so lved  e f f i c i e n t l y  or r a p i d l y  by i n - se rv ice  tests.  
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. I  . .  

ATTACHMENT 1 

TO 33 X S T R I E J T E D  ON : 11 June 1964 at : 10 a.m. 

ROOM 5 - MAISON DES CONGRES 

C.C. I. T. T. 

STUDY GROUP X I 1  

GENEVA - 9 - 12 JUNE, 1964 

n iemporzrv Docunent No.7-E 

9 June, 1964 

SOIJRCE : 

TITLE : 

J O I 8 T  F;EETING OF STUDY GROUPS X I 1  AND X V I  (GENEVA, 8 JUNE, 1964) 

D W T  RECOYJTdNDiiTION G.1.114 (TO REPLAC% THE TEXT I N  kp III/46) 
ANC DFGZi?T K E W  TEXT FOR Q-UESTION 6 / X I I  



A .  L i n i t s  f o r  connect ions 

It is  nscess-ry i n  az i n t e r n a t i o n a l  te lephone connect ion t o  l i n i t  
Recent tes ts  have shown t h a t  t h e  propagation tiine between two subsc r ibe r s .  

i n t e r n a t i o n s l  conncct ions probably w i l l  not  cause .idverse s u b s c r i b e r  r e a c t i o n  
dut  t o  t h e  combined e f f c c t  of de l ay  <and echo suppres so r s  if t h e  acari one-way 
propagation ti,x+) is  iricrcascd f r o K  n c a r  zero  t o  t h c  o r d e r  of 150 ns. 
t h c  p o p a g 2 t i o n  t i x  i a  inc reased  bc yond 150 GS, s u b s c r i b e r  d i f f i c u l t i e s  
i n c r e a s e ,  an& t h e  r a t c  c f  i nc rease  of d i f f i c u l t y  r i s e s ,  up t o  end i n c l u d i n g  
th6 maxinun one-way p ro raga t ion  t i n e  t s s t s d ,  cmely 400 ms. The C.C.I.T.T., 
t h c r e f o r e ,  p r o v i s i o n d l y  r e c c x e n d s  thc  fo l lowing  l i n i t a t i o n s  on sc.m one-way 
propagat ion t i n i s  w h t r .  ccho sources e x i s t  :ad echo sul2pressors are ased. 

As 

2 )  nccept?.blc without r e s e r v a t i o n ,  0 t o  150 3s. 

b)  P r o v i s i o n a l l y  acccptablc ,  150 t o  400 12s. 

nay bG permit ted,  i n  p a r t i c u l a r ,  when conpensst ing advantages are 
obt  a insd . 

I n  t h i s  r m g e  connect ions 

c )  P r o v i s i o n e l l y  unxcept 'able ,  400 2 s  and higher.  Connections w i t h  
t h e s e  de l ays  shouid not be used except  ucder t he  a o s t  e x c e p t i o n a l  
c i  rcuu s t anc e s . 
U n t i l  such t i n e  2s a d d i f i u i d . ,  s l g z i f l C z t  ir?fnmn*i on p e r n i t s  
a d n i n i s t r z t i o n s  t o  make z f i r n c r  d e t e n i n - t i o n  of accep tab le  d e l a y  
l i m i t s ,  t h e y  should proceed w i t h  c a u t i o n  m d  wi th  f u l l  cognizance 
of thc  dit,-.  in x f i s x e s  ... . . .. . . . . . .. . . i n  s e l e c t i n g ,  f ron  a l t e >  
n a t i v e s ,  p l m s  invo lv ing  d e l a y s  i n  range ( b )  zbove. 

B .  Values f o r  c i r c u i t s  

In  t h e  e s t ab l i sh i i cn t  of t h e  General In t e rconnsc t ion  P lan  w i t h i n  
t h e s e  l i n i t s  t h e  me-way propagation time of both t h e  n a t i o n a l  ex tens ion  
c i r c u i t s  and t h c  i n t e r n a t i o n z l  c i r c u i t s  n u s t  be t&en i n t o  account. 

a> National  ex tens ions  

The n z i n  w t e r i e s  o f  the n a t i o n a l  network should c o n s i s t  o f  high- 
v e l o c i t y  propagat ion l i n e s .  I n  these  cond i t ions ,  t h e  propagat ion t i n e  
between t h e  i n t e r n a t i o n a l  c e n t r e  m d  t h e  s u b s c r i b e r  f z r t h e s t  away f rom it i n  
t h e  n 2 t i o n a l  network w i l l  probably n o t  exceed : 

*) Mcan o f  the t i n e s  i n  the t w o  d i r e c t i o n s  of t r m s m i s s i o n .  
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12 + (0.0064 x d i s t a n c e  i n  s t a t u t e  n i l c 3 )  as 

o r  1 2  i- (0.004 x d i s t m c e  i n  k i l o m e t r c s )  IilS 

Here t h e  f a c t o r  0.0064 (0.004) i s  based on t h e  nssuupt ion t h a t  
n a t i o n a l  t runk  c i r c u i t s  w i l l  be routad ove r  h igh -vc loc i ty  p l e n t  (155 s t s t u t e  
niles/ns o r  250 ka,/ris). 
and f o r  t h e  probeblc pr3sence i n  the n a t i o n a l  nctwork or’ 8 c e r t a i n  q u a n t i t y  
of loaded c a b l e s  (e.g. 3 pzirs of channel t r m s l a t i n g  equipment p l u s  abou t  
1CO miles (160 lm) o f  H 88/36 loaded cab le s .  For %I everage-sized coun t ry  
t h e  one-w,o.y propagat ion t i n e  w i l l  be l e s s  them 18 as. 

b) 

Tho 1 2  :is i s  an allowance f o r  t e r n i n i t  equipment 

I n t  e r n z t  i on31 c i r c u i t s  

I n t e r n a t i o n a l  c i r c u i t s  w i l l  u se  high-vcloci ty  t r a n s n i s s i o n  s y s t e m ,  
and t h c  onc-way propagat ion time o r  v e l o c i t y  t h a t  should be a s s m e d  f o r  
pl-anning purposes a r c  : 

1. T e r r e s t r i a l  ( i n c l u d i n g  subrnarine c a b l e )  

100 s t a t u t e  niles/r,s (160 kn/r.is) 

This  propagation veloceity i n c l u d e s  3n a l lowmce  f o r  t e r n i n a l  and 
i n t e r r ~ c d i a t c  x u l t i p l e x  equiprnent l i k e l y  t o  be a s s o c i a t e d  with a 
t r a n m i s s i o n  l i n e .  

The nenn one-xay propagstion t i n e  bctwecn e a r t h  s t a t i o n s  f o r  two 
i l l u s t r a t i v e  singla-hop connunicat ion s 2 t e l l i t e  s y s t e m  are : 

Moving s a t c l l i t c  ( a t  8,750 g i les  o r  14,000 kil a l t i t u d t s )  
GeD-sTstionzry s a t c l l i t e  (a t  22,500 n i l z s  o r  36,000 kn 
a1 t i tudc ) 

110 ns 

260 ns 

The ons-way propagation t i n e s  do n o t  i n c l u d e  any allowance f o r  
t h e  d i s t a n c e  fron the e a r t h  s t n t i o n s  t o  l o c a t i o n s  where t h e  
s 2 t e l l i t c  c i r c u i t s  ccm e i t h e r  be extendod on o t h e r  i n t e r n a t i o n a l  
t r a n s n i s s i o n  s y s t c n s  o r  s w i  tchcd t o  o t h c r  n 2 t i o n a l  o r  i n t e r n a t i o n a l  
c i r c u i t s ,  These addition2.1 t i n e s  should be t&en i n t o  account f o r  
planning purposes. 
are p r a c t i c a l  depend not on ly  on t h e  3 t i t u d e  of  t h e  sa te l l i t es  
bu t  a l so  on t h c  o r b i t s  and p o s i t i o n s  of t h e  s a t e l l i t e s  r e l a t i v e  
t o  thc  e a r t h  s t a t i o n s .  

The d i s t a n c e s  betwe2n e a r t h  s t a t i o n s  which 

- Note - Thc one-way prop2gction t i n e  r e f e r r e d  t o  above i s  thc  group 
delzy as def ined i n  t h c  L i s t  of D e f i n i t i o n s  of E s s e n t i a l  Telecomu- 
nication Terns (Dcf in i t i on  No. 04-17) I c?,lcul%ted at a frequency of 
nbout 800 c/s. * 

* *  
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QUESTION 6/XIl (Suggts t  ,a new tex:) 

S u b s c r i b e r s '  t o l e r a n c e  o f  lengthened propagat ion time, echo and 
echo -supp ;.e s s o i-s . 
P a r t s  a )  and :>) unchanged (See Rea Book Volume V, page 603) 

4 
coaplying wi th  Hecornendation G.151 would be s a t i s f a c t o r y ?  The e f f e c t s  of  
p r a c t i c a l l y  occttrping rangcs o f  r e l evan t  f a c t o r s  such as t r ansmiss ion  losses,  
r e t u r n  losses, c i r c u i t  n o i s e  l e v e l s  and types  o f  s u b s c r i b e r s '  sets and l ines ,  
shau ld  be considered. 

What is t h e  maximum p:cpagation time f o r  which echo-suppressors 

d )  
connect ions having mean one-way propagation t imes o f  t h e  o r d e r  150 ms ana cpwards? 
The following t r ansmiss ion  f a c t o r s  are  l i k e l y  t o  a f f e c t  the performance ana 
a p p r o p r i a t e  ranges of t h e i r  magnitudes should be considered. 

What t r ansmiss ion  perfcrmance can be expected from telephone 

1. 

2. 

3. 

4. 

5. 

6 .  

The presence of  s e v e r a l  c i r c u i t s ,  each having a s e p a r a t e  p a i r  o f  
echo-supprcssors, cc;nnec ted i n  tandem. The c a s e s  o f  s imi l a r - type  
suppres sc r s  and of  d i f f e r e n t  t ypes  i n  t h e  s e v e r a l  c i r c u i t s  require 
c o n s i a e r a t i o n .  

The presence of apprec i ab le  end-delay. 

Transmission l o s s e s  o f  the two-wii-e zxcensiuils a t  each ezd nf t h e  
four-wire p a r t  of t h e  connecr;ion. 

Return l c s s c s  o f  var ious magnitudes and loss-frequency cha rac t2 r -  
i s t i c s  a t  the tw ends, 

C i r c u i t  noLst. l e v e l ,  including the  e f f e c t s  o f  very low 1 2 v e l s  
a c h i w c d  b) <-oPpanding. 

Echo-supprbsscrs o f  d i f f e r e n t  t ypes  a t  t h e  two ends of the 
i n t e r n a t i o n a l  c i r c u i t .  

N E N  Annex ( t o  Quest ion 6/x11) 

When tclephona connections of i n c r e a s i n g l y  long propagat ion tirnds 
a re  consid?red, c e r t a i n  proclems a r i s t  tha t  a r e  p e c u l i a r  t o  c e r t a i n  ranges of 
propagat ion time. Under p r a c t i c a l  c o n d i t i o n s  t h a t  apply i n  p u b l i c  te lephone 
networks, speech s i g n a l s  w i l l  be r e f l e c t e d  from t h e  remote end and be 
r e t u r n e d  t o  t h e  custnmir whlle he is  t a l k i n g ;  t h e s e  w i l l  appear  t o  him as 
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an augmentation of sidctonc; o r  as an echo. If the propagat ion time is v€ry 
s n a l l  t h e  amount by which t h e  r e f l e c t e d  s i g n a l s  must be a t t e n u a t e d  t o  be 
unob jec t ionab le  can r e a d i l y  be made s c f f i c i e n t ;  
f o r  which t h i s  is  t h e  c a s e  i s  t h e  sub jec t  of  Recommendation G.121 B and t h e  
p r e s e n t  ques t ion  p a r t  a )  is concerned wi th  the r e v i s i o n  o f  th is  information. 
To use  such information,  it i s  necessary t o  r - x p r ~ s s  r e t u r n  l o s s e s  which are 
fi-equency-dependcnt by a s i n g l e  f i g u r e  s u i t a b i y  averaged ove r  t h e  transmitted 
f:-equency band; 
ques t ion .  

t h e  maximum propagat ion time 

t h i s  problem i s  t h e  s u b j e c t  o f  p a r t  b )  of t h e  p r e s e n t  

When -the p r o r a g a t i o n  time exceeds t h e  value d i scussed  above, it is 
necessary t o  f u r n i s h  the c i r c u i t s  w i L h  w h o  suppres so r s  and the type desc r ibed  
i n  Recornmendation G.151 w i l l  be  s a t i s f a c x o r y  up t o  a c e r t a i n  propagat ion time 
which it is  n o t ,  a t  present, poss ib l e  t o  d e f i n e ;  p a r t  c )  o f  t h e  p r e s e n t  
q u e s t i o n  i s  concernGd wi th  t h e  d e f i n i t i o n  o f  t h i s  va lue  o f  propagat ion time. 
Rccent t e s t s  have shown t h a t  the  performance of  c i r c u i t s  equipped w i t h  
iriproved types  of  echo-suppressor ana having mean one-way propagat ion t imes 
of  the o r d e r  of 150 rns is p r a c t i c a l l y  as good as tha t  o f  c i r c u i t s  otherwise 
i c , en t i ca l  Dut having a very s h o r t  prcpagat ion t ime; p a r t  d)  of  the p r e s e n t  
qLest ion is  concernzd with t n e  fLtrT;nc stuil) af : -‘3blLqz~ assLciatG:3. 1;ith 
LOL use of  c-nn;ci :as  flavin,, propagation t imzs af t h i s  o r d e r  and upwards. 

Annex 1 given on page 61 n f  COM XII-No.92 w i l l  need s l i g h t  r e v i s i o n  
t o  correspond t o  t h e  d i v i s i o n  into p a r t s  c )  and d) as weii as 2) mc! h!. 
P r e s e n t  a).2 becomes c )  and d) .  o r  d ) .  


